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sphere, and it is said that specialists who had an op
portunity of seeing his photographs pronounced them 
perfect. 

Objections had been raised to the founding of the in
stitute on the ground that similar institutions already 
existed in other countries, but the movement received an 
impulse from the desire to complete the work begun by 
French observers-with Prof. Janssen at their head
in Siam at the time of the eclipse of the sun in 1875, 
and in Japan at the time of the transit of Venus in 1874. 

. '.rhe final carrying Ol1t of the plans for the establish
ment of this observatory was due to Prof. Janssen, 
whose perseverance was untiring. The work was at
tended by many difficulties, especially in the selection of 
a proper site, for it was absolutely necessary that the 
institute should be located where the atmosphere was 
pure and the buildings would not be subject to 
vibrations of any kind. Prof. Janssen already had in
struments that had been tested in work of this SOl·t, and 
his photographs of the SUR promised excellent results. 
Finally it was decided to take the almost unused palace 
at Meudon, from which there is a beautiful view of Paris 
and the valley of the Seine, and the building was hnme
diately altered to adapt it to the new use. The dome 
for the great refractors was erected over the central 
part of the building, and the extensive stables were re
modeled so as to be used for physical, chemical, and 
photographic laboratories. The park was, of course, 
most useful. The institute can be reached from Paris 
by means of the St. Lazaire Railroad, which runs fre
quent trains to the station at Meudon, about ten 
minutes from the observatory. The trip by the Seine 
steamer takes a little longer. 

AUlOng the most important instruments of the Meu
don institute we might mention the great photographic 
a refractor, with an objective of 31 inches," and the little 
equatorial, which has an objective that is 24 inches in 
diameter. These two instruments have the same focal 
length of 52 feet 5 inches, and there are proper photo
graphic correctors for both, for the smaller refractor can 
also be uS9d for photography. The institute also 
possesses a concave silver mirror 3 feet 3 inches in 
diameter. The most remarkable thing <\bout this tele
scope is its short focal length, 9 feet 10 inches. Short 
focal lengths of the refractors and more particularly of 
the reflector are most useful for photographic and 
spectroscopic purposes, especially when small objects 
or those that have only a feeble light are to be ob
served. 

The chemical and physical laboratories are well 
equipped with all necessary instruments ; the former 
stables forming the side wings of the building afford 
ample room for the pressure tubing, of which a total 
length of 328 feet have been put in. Tubes measur
ing from 19 inches to 198 feet serve for the obser
vation of the spectra of confined gases under high 
and under low pressure, and for the solidification and 
the liquefaction of the gases. At Meudon the spectra 
of artificially solidified gases under a pressure of 20 to 
100 atmospheres have been obtained. The great scien
tific value of these experiments as an aid in the dis
covery of the composition of fixed stars in general and 
of our sun in p_articular will be readily understood.
Del' Stein del' Weisen. 
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PRECIOUS S'l'ONES.* 
By Prof. HENRY A. MIERS, M.A., F.R.S. 

LECTURE II. 
HAVING seen how precious stones may be distin

guished by means of their density, we can next con
sider how the optical properties may be used for pur
poses of identification. Here, as with the specific gravity, 
it is possible not only to make accurate numerical or 
quantitative measurements, but also to apply simple 
comparative or qualitative tests. One of the most 
important quantitative tests is that of the refractive 
power. 

To determine with accuracy the refractive power of a 
transparent mineral it is usual to cut out of it a prism 
with a pair of smooth polished faces inclined to each 
other at an angle of about 60°, and to observe the 
course of a beam of light across the prism through 
these faces. This is done by means of a goniometer, 
an instrument consisting of a graduated circle with an 
axle on which the prism can be fixed in any desired 
position; of a "collimator" tube having at one end a 
slit through which the light falls upon the prism after 
passing through a lens at the other end; and of a 
telescope by which Ithe slit may be viewed through 
the prism. The graduated circle renders it possible 
to determine the angle between the axis of the colli
mator and the axis of the telescope, that is to say, be
tween the direction of the light as it falls upon the 
prism and its direction after refraction through the 
prism. The refractive power is measured in the follow
mg way : 

Both the prism and the telescope are turned about 
until the angle between them is as small as possible, 
the illuminated slit being kept in view through the 
telescope, and this angle-the least angular deviation 
which the light can experience in its passage through 
the prism-is read upon the circle. If this angle be D, 
and the angle between the two prism faces be A, the 
refractive index, which is taken as a measure of the 
refractive power of the mineral, is given by the simple 
expression: 

Sin A+D 

2 

A 
Sin--

2 
The angle, A, is easily measured with the same instru

ment. 
The goniometer enables one at the same timeto meas 

ure the dispersive power, for if the refractive index for 
one color be different from that for another, the image 
of the slit for violet light is formed at a different place 
from the image produced by the red rays. Hence, with 
the mixed light of day a spectrum will be seen extend
ing from the one point to the other; but, by using light 
of a single color, a clear and sim pIe image of the slit will 
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be seen in the telescope, and then the corresponding 
index can be measured. The " dispersion" IS meas
ured by finding the refractive index for blue light and 
also that for red light, and subtracting the one from 
the other. 

Such a method for measuring the refraction and dis
persion seelllS at first sight quite unsuited for ordinary 
use, since it involves the preparation of a prism, and 
we cannot sacrifice a piece of any jewel for this pur
pose. But in reality the method is easily applicable to 
faceted stones if they are unmounted, for in these the 
lapidary has virtually supplied us with an appropriate 
pnsm, ready cut and polished. It is generally possible 
to find among the facets of a cut stone two which are 
inclined at a convenient angle, and to make use of these 
for our prism. The remaining facets may be covered with 
paper or blackened with ink so that the beam of light 
whose deviation is measured has only passed through 
the two chosen facets. 

As a qualitative test the refractive power may be very 
conveniently measured by the method of total reflec
tion. For this purpose a little instrument called the 
"reflectometer" is used; a tube carries at one end a 
hemisphere, B, of dense glass, with its plane face in-

FIG. 4.-THE REFLECTOMETER. 

elined obliquely to the axis of the tube; this is illumi
nated from above through an aperture, C, and is viewed 
(E) through an eyepiece at the other end of the tube; 
on the eyepiece is engraved a vertical scale. 

The instrument is held in one hand, and. the flat sur
face of the hemisphere having been moistened with a 
drop of some highly refracting liquid, a smooth facet of 
the stone, A, is pressed against it. On looking into the 
eyepiece two faint shadows are seen crossing the field 
of view; one of these (at, say, the 38th division of the 
scale) occupies the same position whatever stone is be
ing examined, while the other crosses the scale at differ
ent points for different stones; suppose it be 22 for the 
particular stone under examinatIOn. These shadows 
are caused by total reflection; light falls upon the flat 
side of the hemisphere at all inclinations and reaches 
the eyepiece with different degrees of brightness, ac
cording as it has been totally reflected or not. 

The part of the scale beyond 38 (in the particular in
stance which we have chosen) corresponds to light 
which has been totally reflected from the liquid at the 
surface of the glass; it is perfectly bright; below 38 the 
light which enters the eyepiece has passed through the 
film of liquid, but has been totally reflected at the sur
face of the crystal for all that portion of the . scale 
which lies beyond 22. Below 22 very much less light 
enters the eyepiece, for it has been partly refracted 
away through the crystal; that portion of the field is 
comparatively dark, giving rise to the appearance of a 
shadow. We have only then to graduate the instru
ment, by examining a number of minerals of known re
fractive index and noting where the shadow crosses the 
scale for each, and then when we come to examine 
any new stone we can at once say, by the position of 
the shadow, what is its refractive index, and therefore 
whether it is a topaz, tourmaline, beryl, or other min
eral. You will remember that total reflection only 
takes place when light passes from a more refractive to 
a less refractive substance; if, therefore, it is to take 
place at the surface of the stone where the light strikes 
It on leaving the liquid, the stone itself must have a 
less refractive power than the liquid. For this reason 
the method can only be applied to those minerals whose 
refractive index is less than 1'66 (the greatest index of 
refraction yet obtained in any transparent liquid); that 
is to say, those that lie above spodumene on the dia
gram; those with a higher index of refraction give no 
shadow at all. Until a more highly refractive liquid 
is discovered the other gem stones cannot be exam
ined with the reflectometer.; :but for any stone the in
strument at once shows wliether the refractive index 
is Kt:eateror less than 1'66. . 

We must now pass to a class of wonderful optical 
properties which are absolutely peculiar to crystals. 
These properties depend upon the fact that all the 
precious stones except diamond, spinel, garnet, and 
opal are" doubly refracting." 

When a ray of light falls upon a doubly refracting 
crystal, it becomes divided into two distinct rays which 
travel in different directions within the crystal. For 
this reason any obJect viewed through such a crystal 
appears double. Iceland spar is the mineral which is 
most strongly doubly refracting. 

The double refraction is best measured by the gonio
meter. Just as we found that the dispersion of a 
crystal produces with white light a band of colored 
images, so will its double refraction produce, even with 
a singly colored light, two distinct images of the 
slit when it is viewed through the telescope across the 
crystal. 

To each of these images corresponds a refractive in
dex; consequently, when we attempt to determine the 
refraction of any preciou stones we find not one but two 
refractive indices ; the double refraction is measured 
by their difference. Diamond, garnet, and spinel are 
the only crystallized.'precious stones which have single 
refraction ; thus the two refractive indices for zircon 
are 1 -970 and 1'920; so that the double refraHion of zir
con is expressed by the number 0'050 or fifty thou
sandths. The double refraction of Iceland spar is no 
less than 172. The double refraction or "birefringence " 
of each mineral in thousandths is given after its name 
in the diagram, Fig. 3. 

The " 0" after diamond, garnet and spinel signifies 
that they possess single refraction, having only one 
refractive index. 

Not only does a doubly refracting crystal give two 
images, but unless the crystal is white, the two images 
are themselves differently colored and the colors are 
more or less characteristic of each stone. This property 
is known as " pleochroisw," and it is observed by a 
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little instrument called a "dichroscope." (Fig. 5.) This 
consists simply of a tube having a small aperture at 
one end and at the other a lens which is focused upon 
the aperture ; the tube contains a piece of Iceland spar 
(calcite). The gem stone, A, is held in front of the 
aperture and is viewed through the lens. 

By this contrivance the two beams of light produced 
by the crystal are more widely separated by the Ice
land spar, and give "be to two colored images of the 
aperture. which are seen side by side, and can be easily 
contrasted. The minerals which show the most char
acteristic colors are ruby, sapphire, tourmaline and 
cordierite, or water sapphire, as It is sometimes called. 

A further peculiarity of the light which has passed 
through a doubly refracting crystal is that it is polar
ized. Without attempting in the short time at my dis
posal to explain the nature of this polarization, I may 
show upon the s<;re�n the curi�us effec�s pro�uced by a 
�em stone when It IS observed 111 polanzed bght. 'The 
lIlstrument used for this purpose IS the polarizing mi
croscope, or polariscope ; it consists of a tu be carrying 
at each end a double piece or prism of Iceland spar, so 
constructed as to convert any ray of ordinary light 
which falls upon it into a single ray of polarized light, 
instead of the usual double ray. In the center of the 

FIG.5.-DICHROSCOPE. 

tu be, upon a little microscope stage, the stone is placed, 
and upon each side of it is a lens like a large micro
scope objective, which concentrates .the light upon it 
in all directions. Owing to its own double refraction, 
the stone imparts to the light that passes through it a 
tint which depends upon the directIOn of the rays, and 
the result is a colored pattern of a curiously regular 
geometric shape. This tinted pattern, which is called 
an "interference figure," consists of curved bands of 
spectral colors, and it may be of two sorts. 

Some stones give rise to a set of circular rings inter
sected by a black cross ; they are known as "uniaxial " 
minerals. Others give rise to a set of oval rings sur
rounding two centers which are the apices of the two 
branches of a black hyperbola; they are known as 
" biaxial " minerals. Garnet, spinel, diamond and 
opal possess no double refraction, and therefore do not 
gIve rise to an interference figure at all. 

It is stated on the diagram (3) in each case whether 
the mineral is uniaxial or biaxial. The interference 
figure gives still more information about the birefring
ence, for, if the rings are narrow, they indicate strong 
double refraction ; if they are broad, the double refrac
tion is weak. 

Crystals are further distinguished as positive and 
negative, according as a test crystal when placed 
in a certain direction over the stone which is being ex
amined has the effect of adding its double refraction to 
that of the stone or of subtracting its own double re
fraction from that of the stone. The test crystal used 
is a thin film of mica in the case of uniaxial minerals, 
and a thin wedge of quartz in the case of biaxial 
minerals. The effect of the test crystal is shown by 
the expansion or contraction of the rings in the inter
ference figure. 

[The distinction between positive and negative, uni
axial and biaxial, etc., was shown in a number of crys
tal sections, whose interference figures were thrown 
upon the screen by means of It projection polariscope.] 

All these properties can be determined with a faceted 
stone, provided that it is unmounted. 

. 

There is a difficulty connected with the interference 
figure of a faceted stone that with an inexperienced ob
server is almost fatal. In order to see the interference 
figure, the stone must be turned into the appropriate 
position, and it may happen that the stone is so faceted 
that in this position one is looking at a pointed corner, 
and cannot see through it ; just as we saw that the 
light could not penetrate a faceted aquamarine when it 
fell directly on the surface. This will be due to the 
fact that the emerging light is refracted away, or is 
totally reflected within the stone. The difficulty, I 
find, can always be surmounted by immersing the 
stone in some liquid of high refractive index, such as 
glycerine or oil, or bromonaphthalene contained in a 
corked tube. Light passing from the liquid into the 
stone suffers little refraction ; it travels through the 
stone, and the interference figure can be easily seen. 

[This was shown by placing a faceted topaz in the 
lantern, when it appeared opaque upon the screen. 
On immersing the stone in oil it at once became trans
parent.] 

There are two other characters not connected with 
light, but peculiar to crystals, which are of some value 
for the identification of precious stones. One is the 
cleavage-the tendency of a crystal to split along cer
tain smooth plane surfaces. 

Diamond splits in such a way that it can be cleaved 
into an octahedron ; a property useful to the diamond 
cutters, since it enables them, without the great labor 
of grinding, to split the stone into something of the 
shape and size of the brilliant, before it is put upon 
the lapidary's wheel. 

Topaz possesses an equally marked cleavage, but in 
one direction alone ; a glittering surface due to the 
splitting of the stone in this direction can almost 
always be distinguished upon the edges of a rough 
topaz-and faint cracks due to the same cause can often 
be seen inside a faceted topaz, even though it be almost 
absolutely free from flaws. 

Another still more startlIng property possessed by 
certain crystals is one which among precious stones 
belongs to the tourmaline alone. A crystal of this 
stone, whenever it is being warmed or cooled, becomes 
electrified ; it becomes positively electrified at one end 
and negatively at the other. The effect is not very 
strong and It might be imagined impossible to make 
use of this curious property for the identification of th" 
mineral. But it can be used by virtue of an ingenious 
device lately invented for making such electric charges 
visible to the eye .  
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Take a mixture of finely powdered red lead and Precious stones are imitated with great skill ; composi
sulphur, and dust it thwugh a muslin sieve on to a tions are made, which not only resemble the true stone 
crystal of tourmaline, which has been warmed over a in color, but by the use of lead glass and other dense 
spil'it lamp and is cooling. Instead of lying as an compounds they may have as high a refractive index as 
Qt'ange powder uniformly distributed over the crystal some of the stones and as great a specific gravity. But 
as it would be over any stone without an electric you will never find that both the refractive index and 
charge, the powder becomes separated into its consti- the specific gravity are those of the true stone. The 
tuents, the red lead flies to one end, the sulphur to the imitation will not find a place in our diagram scale. 
other; the one end is seen to become red and the other Again, the imitations are not ever so hard as the true 
yellow. This is because the red lead and the sulphur gem stones; they can be scratched with a knife. But 
electrify each other by friction in passing through the the most important and an absolutely infallible crite
sieve, the sulphur becomes negatively and the red lead rion is the fact that the imitations are not crystals at 
positively electrified; unlike electricities attract each all, and can never show the double refraction or the 
other, so that the sulphur flies to the positive end and dichroism of the doubly refracting jewels. 
the red lead to the negative end of the crystal. Being I may mention that it has just been stated by a French 
held by electric attraction, the powder cannot be easily observer that the newly discovered X'rays afford means 
shaken or blown off, as it would be from an unelectrified of distinguishing between certain gems and their imita· 
crystal. tions. True ruby, or sapphire, or true turquoise are 

This closes the list of properties which are practically like flesh-transparent to the X rays ; but their imita
useful in the discrimination of precious stones. As an tions are like bones-opaque to them. 
example, I may summarize the various tests which we There is, however, one totally different class of artifi
might apply to a rough topaz and a faceted tourmaline cial jewels which have only recently come into exist
respectively. I ence that must be considered quite apart, namely, true 

'1'he rough topaz will be seen, if carefully examined, crystallized gem stones produced by artificial means. 
on its edges, to show traces of cleavage in one direction I Innumerable have been the attempts to manufacture 
in the shape of little smooth, flat surfaces; a small chip I true diamonds, and at length they have been crowned 
broken off will show this even more clearly. It will be i with success; by more than one process diamonds have 
a flake. j now been manufactured-most successfully, perhaps, 

This flake dropped into methylene iodide will sink, I bl the method of M. Moissan, who, by the intense heat 
showing that it has a specific gravity higher than 3'3. I 0 the electric furnace, dissolves charcoal in molten iron, 
'fhe same flake placed in the polariscope will give a i and by cooling under pressure, induces it to separate 
biaxial interference figure, and the use of the quartz l out as crystallized carbon or diamond. 
wedge will show it to be positive. The breadth of the It is quite possible that we -have here a reproduction 
colored bands indicates to an experienced eye that the II of the actua process by which diamond has been pro
double refraction is not strong. duced in meteorites. It may not be generally known 

By means of the total reflectometer both the refrac- that some of these curious pieces of iron and stone 
tion and the double refraction may be accurately I which come to us from outer space have been found to 
measured; two shadows will be seen to cross the scale 

I 
contain true diamonds. 

-one at the number corresponding to the index of re- Moi�san's diamonds are mere minute specks, and by 
fraction 1'63, the other to 1'62; the double refraction no means clear and limpid; moreover, they are costly 
being the difference between these two is 0'01, or about I to produce, so that there is little or no fear of their en
ten thousandths. tering into competition with the diamonds of Kimberley. 

Examined with the spectroscope, the crystal gives no I But quite otherwise is it with the ruby; this stone has 
absorption, and is therefore neither zircon nor alman- I now been successfully reproduced in Paris, and on a 
dine garnet. sufficiently large scale to be used in jewelry. The ruby 

If it be desired to find the specific gravity, the frag- I has been made in sevel'al waYE. (The result of one of 
lIIent can be dropped into the thallium-silver nitrate, I the methods employed by M. Fremy was shown by a 
which is then diluted with water until the fragment diagram.) The crystals were made by raising to a very 
just sinks. A little further warming will drive off a 
trace of the water, and the fragment of the stone will 
remain suspended. Test fragments of other stones 
being dropped into the liquid, some will float and some 
will sink, but a piece of topaz will do neither. We have 
alt-eady, however, obtained such convincing evidence 
from the optical properties alone that it was not neces
sary to pursue the investigation so far. Its refractive 
index alone was sufficient to distinguish it from chryso
beryl, the only stone with which it might be confused 
by its position on Fig. 3; and the whole determination 
may be made on a fragment about the size of a pin's 
head. 

Take next our faceted tourmaline. If it is not 
mounted in a setting, the specific gravity can be easily 
found to be exactly 3, or that of a test piece of tourma
line, by llIeans of the methylene iodIde, in which it 
floats until the liquid has been slightly diluted with 
benzene. 

Pressed against the reflectometer, the shadow at once 
appears on the division of the scale corresponding to 
an index of 1'63. Examined in the polariscope it is seen 
to be uniaxial and negative. These three observations 
are enough to determine the mineral with accuracy. 

Further, in the dichroscope, it shows a most pro
nounced difference of colors, far more striking (if the 
stone be a brown tourmaline) than that shown by any 
other mineral. Even if it be mounted in a setting, the 
refractive index, as determined by the reflectometer, 
fixes its position on the scale diagram (Fig. 3) in the 
neighborhood of diopside. 

But take the tourmaline, warm it, and dust it with 
the mixture of red lead and sulphur-the electrification 
at once shows it to be a tourmaline. This test I have 
frequently applied and have never known it to fail; it 
Sel'ves to di�tillguish tourmaline with certainty from 
diopside, with which it might easily be confused; there 
are several other stones with which it might be confused 
on account of its wide range of color, with spodumene 
for example, or axinite, epidote, or idocrase. I have 
certainly known tourmaline sold as all these minerals. 
'1'heir superior brilliancy is generally sufficient to dis
tinguish either spinel or ruby from a red tourmaline. 
In fact, the refractive index of tourmaline is so much 
less than that of any stone which it resembles that the 
reflectomcter at once identifies it. The other minerals 
have a refractive index greater than that of the bromo
naphthaline, and givA no shadow in the instrument at 
all. 

Take again any other pair of stones which are liable 
to be confused, garnet and ruby for example. A glance 
at the diagram will show how they are to be distin
guished. The specific gravity will scarcely suffice, but 
ruby is uniaxial, negative, and has a double refraction 
of j 0800, whereas garnet i s  generally singly refracting, 
and even if it does show a weak double refraction, will 
never give the uniaxial figure. 

Take again the true jacynth, which is a brown zircon, 
and the false jacynth, which is a brown garnet, both 
the high refractive index and the strong double refrac
tion as well as the high specific gravity distinguish the 
zircon at once; and by the sallie characters a colorless 
zircon is easily distinguished from a lux sapphire, which 
it very closely resembles. But in reality a mere glance 
at the stone through a spectroscope will identify it if it 
be a zircon; the characteristic bands in the spectrum can 
not be given by either a sapphire or a brown garnet. 

There is a curious and widely prevalent confusion be
tween olivine and the beautiful green garnets found in 
the Ural Mountains; the latter are almost invariably 
known in the trade, and are sold, as olivine. 

Now, olivine is biaxial and possesses a strong double 
refraction; the garnet, on the contrary, is almost, if not 
quite, free from double refraction. There can be no 
possible similarity between the two stones except as re
!lards color, but there is a popular prejudice against 
garnet�, and I suspect that this largely accounts for the 
selling of these stones under a wrong name. 

Most important of all distinctions is that between any 
true gem stone and its imitation in �Iass or paste. In 
this matter there are simple tests WhICh need never fail. 

THE BIG CARBON. 

high temperature a mixture of alumina, potassium car
bonate, and calcium fluoride. The red color is obtained 
by adding a trace of potassium chromate. By main
tainin� the temperature for about a week, crystals 
weighmg one-thIrd of a carat were obtained without 
great difficulty. 

N ow, these stones cannot be distinguished from the 
natural ruby by any of the tests which I have described. 
They possess the specific gravitr' the refraction and the 
double refraction of the natura stone; in the polariza
tion they show the same lll;liaxial interference figure; 
In this there is no cause for surprise; the artificial stone 
exhibits the same characters as the ruby, for the simple 
reason that it is a ruby. Other minerals have been re
produced by artificial means. Turquoise has been suc
cessfully made by compressing powdery artificial phos
phate of aluminum into a compact mass. 

Prof. Judd has kindly lent me two sheets of paper 
covered with blue paint; one of these is painted with 
natural ultramarine, the other with artificial ultrama
rine. You see that one is as good as the other. So also 
with the ruby, I can see no reason why it should not 
ultimately be made as large and as beautiful as any 
natural specimen; the attempts to reproduce sapphire 
have not been so successful as regards color. but here, 
again, I see no reason to doubt the possibility of excel
lent sapphires being ultimately manufactured. 

Large numbers of artificial rubies are now used in 
jewelry. The only respect in which they differ from 
the natural stone is that they have been formed by a 
different process. 

If we desire to distinguish them, it can only be by 
some feature resulting from the manner in which 
they have been made. From my' own limited observa
tions, I think it is generally possIble to see in the artifi
cial rubies, by means of the micrnscope, a certain 
streakiness and also little cavities like bubbles, which 
one does not see in the' natural stones. Both these 
characters may be due to the relatively high temp!!ra
ture at which the artificial stones have been formed, 
and the comparatively short time in which they have 
been produced. 

In bringing to a close these imperfect and fragment
ary notes on precious stones, 1 mllilt call attention to 
the chief point which it is my desire to emphasize. I 
have indicated how I should myself set to work to'de
termine the nature of a precious stone. Each observer 
can use his own contrivances, but they must be in ac
cordance with the principles which I have illustrated. 
The methods are those of physical science-and they 
are accurate; personally, I should hesitate to assert 
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positively the nature of any precious stone except by 
means of the scientific tests, although I might have an 
opinion. It may be my own want of expert knowledge 
which prevents me from feeling confidence in any but 
these methods: at any rate, I claim for them that they 
enable any one with a little practice to determine with 
absolute certainty any precious stone, even when it is 
faceted, and moreover, they supply, not an opinion, 
but a proof. 

Considering the number of serious mistakes which 
are made in the trade, and the curious errors which 
prevail, jewelers would surely do well to learn those 
methods ; to acquire especially such a knowledge of 
crystal optics as will enable them to determine the re
fraction and double refraction of any transparent mine
ral. A simple microscope, such as geologists use, is an 
that is necessary for the purpose. 

It would be, I imagine, desirable for every large firm 
which deals in precious stones to engage the services of 
an assistant possessed of sufficient scientific knowledge 
to make these determinations, for precisely the same 
reasons which make it desirable for large manufac
turin� firms to engage the services of a scientific 
chellllst. 

The absolute necessity of accurate scientific knowl
edge in commercial and practical undertakings is now 
fully recognized. 

The jeweler's trade stands almost alone in failing to 
realize that such knowledge has a real commercial value 
and in ignoring the aid of physical science. I need not 
point out that some such knowledge is even more im
portant for those who buy than for those who sen pre
cious stones. 

I hope that the effects shown upon the screen to-night 
have made it abundantly clear that precious stones 
have a great deal more in them than is at first sight 
apparent, and that, like all other natural objects, they 
disclose more and more features of beauty and interest 
the more closely they are studied. 

In the present lectures I have shown or described cer
tain effects without a word of explanation. My object 
has only been to indicate how, in one respect, the 
mineralogical researches relating to the physicall pro
perties of crystals have a direct practical application, 
although they were undertaken in the pure spirit of 
scientific curiosity. In this they resemble all researches 
of abstract science. 

In conclusion, I would add that those who care to 
carry the study a step farther than we have done to
night, and attempt to explain all these curious proper
ties, will find themselves in a most fascinating field of 
discovery and speculation, which has proved attractive 
to many of the acutest intellects of the present century. 

THE LARGEST DIAMOND. 
THE Sun presents herewith a picture.of the biggest 

diamond ever found. The picture is reproduced the 
natural size of the big stone, from a photograph recently 
sent to this country from Paris, where the diamond 
was sent to be sold. 

The accuracy of the picture is vouched for by Ben
jamin M. Levy, a diamond buyer and dealer of 68 
Nassau Street, New York City, who was the first Amer
ican to see the wonderful stone, and perhaps the only 
American who has seen it. 

Mr. Levy saw and handled it in the wilds of South 
America, within a few miles of where it was found, and 
he tells an interesting story of his efforts to buy the 
diamond. He offered $17,500 for it, and the miner 
who found it wanted $50,000. Broken into frag
ments, it is estimated to be worth for mechanical pur
poses about $66,000. If the great stone were of the 
crystalline variety which we know as gems, which are 
known in the trade as diamonds, and of a good color 
and water, there would be no knowing what value it 
might have. It is seventeen times as big as the Victoria 
diamond, the largest of modern finds, and that 
stone sold for $1,500,000; but it is of the amorphous 
variety of diamond known in the trade as carbon, and 
its value is due purely to the use to which it could be 
put, when broken into small fragments, for furnishing 
cutting points for rock drills, saws for cutting rock or 
other refractory materials and for facing tools for turn
in� hardened steel, emery wheels, and such hard 
thmgs. , 

The uncrystallized black diamond is found only in 
the Bahia region of South America, and it is the hard
est substance yet discovered upon the earth. Its pow
der will cut the crystallized diamond almost as easily as 
diamonds will cut the ruby, sapphire, and emerald. 

The gem which we call the dIamond has been known 
for many ages, but until the discovery of the diamond 
fields of South Africa the stones were comparatively 
rare in the world. One day in 1867 some one picked up 
a pebble in the Orange River near Hope Town, which 
proved to be a diamond. Then in 1869 the diamond 
known as the Star of the South was found. It weighs 
83 carats and sold for $60,000_ Since that tin:.e the 
mines in the blue ground country at and about Kim
berley have been opened and the South Africa diggings 
now supply 98 per cent. of all the diamonds of the 
world. 

On our side of the world diamonds were found in the 
neighborhood of Rio de Janeiro, in Brazil, in early 
days, and later the carbon workings in Bahia were 
found. Mr. Levy is a diamond buyer-one of a class 
of sharp, able and active business men who were de
veloped when the diamond fields of South Africa were 
developed. Their business is to go wherever diamonds 
are found, provided with ready cash, and buy the 
diamonds at first hands purely upon their own judg
ment. 

Many a gem found its way out of the mines in a 
mysterious way, and diamond buyers were always at 
hand to purchase these as well 8.'l the ones in the hands 
of the mmers, although it meant death to be caught. 

He began buying diamonds sixteen years ago, and he 
says that since that time he has made one trip a year to 
South Africa and five trips altQgether to South America. 
It was during the trip which he made into the Bahia 
region, a year ago, that he saw the great carbon shown 
in the picture. 

Going into the Bahia diamond region to buy carbons, 
Mr. Levy says, is by no means a pleasant job. The 
diamond buyer not only has to take all the risks from 
venomous insects, and wild animals, boa constrictors, 
and crocodiles, which the usual traveler does, hut he 
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